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Electrochemical experiments were performed on a Bio-Logic VMP3 Multi Potentiostat using a custom-designed gas-tight H cell. The graphite rod counter electrodes were purchased from Sigma Aldrich and the Ag/AgCl reference electrodes were purchased from Pine Research Instrumentation.
Carbon fiber paper (AvCarb GDS3250) was purchased from Fuel Cell Store. The working electrode was prepared by casting 125 µL of 1 mg mL -1 PorZn (or H2Por)/dichloromethane solution onto a 2.5x1 cm 2 carbon fiber paper to form a 1x1 cm 2 area covered with the catalyst (corresponding to 0.125 mg cm -2 ). The cathode compartment and the anode compartment were separated by an anion exchange membrane (Selemion DSV). Each compartment contained 12.5 mL of electrolyte and ~17.5 mL of gas headspace. For all experiments, 0.1 M TBAPF6 (recrystallized following a previously reported procedure 1 ) in a water/DMF solvent system (VH2O:VDMF = 1:9) was used as the electrolyte.
Before measurements, the electrolyte was pre-saturated with CO2 by bubbling CO2 for 15 min. During measurements, CO2 was continuously bubbled into the electrolyte at a flow rate of 10 sccm. Current densities were calculated based on the catalyst-covered geometric area of the working electrode. All potentials were referred to the standard hydrogen electrode (SHE) and were recorded with iR compensation.
In-situ and operando X-ray Absorption Spectroscopy (XAS) Measurements
In-situ X-ray absorption near edge structure (XANES) and extended X-ray absorption fine structure (EXAFS) experiments were carried out at beamline 5BM-D of DND-CAT, Advanced Photon Source (APS), Argonne National Laboratory (ANL). The working electrodes were prepared by casting PorZn on carbon fiber paper. The working electrode was mounted onto a custom-designed in-situ XAS backscattering fluorescence cell, as described in our previous study. 2 The cell is designed for threeelectrode measurements and can contain up to 30 mL of electrolyte. A graphite rod and a Ag/AgCl electrode were used as the counter and reference electrodes, respectively. The same electrolyte as described in the Electrochemical Measurements section, namely 0.1 M TBAPF6 in a water/DMF solvent system (VH2O:VDMF = 1:9), was used. Before measurements, the electrolyte was pre-saturated with CO2 by bubbling CO2 for 15 min. During the operando XAS measurements, CO2 was constantly bubbled at a flow rate of 30 sccm. Each XAS measurement was taken after maintaining a given potential for 30 min. All data were collected in fluorescence mode under an applied potential controlled by a Gamry Reference-600 electrochemistry workstation. A Lytle detector was used to collect the Zn K fluorescence signal while the Si(111) monochromator scanned the incident X-ray photon energy through the Zn K absorption edge. The monochromator was detuned to 80% of the maximum intensity at the Zn K edge to minimize the presence of higher harmonics. XAS measurements were done at different applied potentials. At each selected potential, the potential was held until enough data statistics of XAS were achieved. The X-ray beam was calibrated using a Zn metal foil. Data reduction and data analysis were performed with the Athena software packages.
Standard procedures were used to extract the EXAFS data from the measured absorption spectra. The S3 pre-edge was linearly fitted and subtracted. The post-edge background was determined by using a cubic-spline-fit procedure and then subtracted. Normalization was performed by dividing the data by the height of the absorption edge at 50 eV.
TOF Calculation
CV measurements were conducted at various scan rates (10, 20, 40, 60, 80 , and 100 mV/s) in 0.1 M TBAPF6 solution saturated with CO2 within the potential window from -0.100 to -0.400 V vs SHE where no Faradaic process takes place. The electrochemical double-layer (EDL) capacitance can be calculated by the equation: , where i is the current (mA) and v is the scan rate (mV s -1 ). The EDL capacitance was derived from the slope of the linear regression in the current-scan rate plot ( Figure S16 ). Since the EDL capacitance is proportional to the actual number of PorZn molecules exposed in the electrolyte, the TOF can be calculated by the equation:
,where j is the partial current (mA) resulting from CO production, n is the number of electrons transferred to produce one CO molecule (n=2), e is the elementary charge (1.602*10 -19 C), m is the actual number of exposed PorZn molecules, k is the number of elementary charges adsorbed on each molecule, C is the EDL capacitance (mF) and V is the potential window (V) of the CV measurements. Assuming one exposed PorZn molecule contributes to the EDL capacitance by adsorbing one elementary charge, we have k = 1 and the TOF for CO2-to-CO conversion can then be calculated.
Chemical reduction experiments
General Considerations. The chemical reductions were performed under a N2 atmosphere in an M.
Braun glovebox maintained at or below 0.5 ppm of O2 and H2O. All glassware was dried at 160 ˚C under vacuum. THF was distilled under Ar from a potassium benzophenone ketyl solution and stored with 4 Å molecular sieves. THF-d8 was dried over CaH2 and then over K/benzophenone and vacuum transferred to a storage container containing 4 Å molecular sieves. Celite and 4Å molecular sieves were dried at 200 °C under vacuum overnight. Na sand was obtained through exhaustive pentane washing of a 25-35% dispersion in paraffin obtained from Sigma Aldrich followed by drying under a dynamic vacuum. Naphthalene was obtained from Sigma Aldrich and was sublimed before use.
Sodium naphthanelide solutions were prepared in situ by stirring naphthalene with 4 equivalents of sodium sand for 45 minutes with subsequent filtration through a celite plug.
One-electron chemical reduction and subsequent reaction with CO2. A solution of sodium naphthalenide (5.3 μmol, 1.05 eq) in 0.5 mL THF was added dropwise to a pink suspension of PorZn (5.0 μmol, 1.00 eq) in 3 mL THF. The resulting dark yellow green solution was stirred for 20 minutes after which all volatiles were evaporated. At this point an aliquot (0.5 mL) was collected for UV-Vis and IR-ATR analysis. The purple residue was dissolved with THF-d8 (0.6 mL) to give a dark yellow-green solution which was analyzed by 1 H NMR spectroscopy in a J. Young NMR tube. The THF-d8 solution was frozen, the headspace in the NMR tube was evacuated and the NMR tube was closed under vacuum. After thawing the tube was backfilled with an atmosphere of CO2 and analyzed by 1H-NMR, UV-Vis and IR-ATR spectroscopy.
Two-electron chemical reduction and subsequent reaction with CO2. The two-electron reduction was performed analogous to the one-electron reduction but with 2.1 equivalents of sodium naphthalenide (10.5 μmol, 2.1 eq) in 1 mL THF. The color changed from pink to dark forest-green.
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A B Figure S1 . Figure S2 . Photo of the electrochemical setup for CO2 electroreduction. Table S3 . Current density and Faradaic efficiency * of a blank carbon paper electrode at -1.7 V vs SHE in a fresh electrolyte solution compared with the data in a used electrolyte. *The fact that the Faradaic efficiencies do not add up to unity might be due to non-Faradaic current and the larger error in the measurement when the current density is small. Table S4 . Current densities and Faradaic efficiency * of H2Por electrode.
*The fact that the Faradaic efficiencies do not add up to unity might be due to non-Faradaic current and the larger error in the measurement when the current density is small. Figure S11 . CVs of H2Por on a glassy carbon electrode in Ar-and CO2-saturated electrolyte.
Detailed Discussion on Chemical Reduction of PorZn and Subsequent Reactions with CO2
The reaction of PorZn with NaNap was confirmed by 1 H NMR and UV-Vis spectroscopies. , possibly due to incomplete two-electron reduction. Both reduced species are immediately oxidized back to PorZn after being exposed to air ( Figure S12 , S14).
To study the reactions of the reduced PorZn species with CO2, the PorZn 1-and PorZn 2-THF solutions were then exposed to dry CO2. Clear color changes were observed ( Figure S12 ). The redox reaction with CO2 was confirmed by 1 H NMR, as the PorZn peaks at 8.58 and 7.26 ppm that disappeared upon reduction re-appeared after addition of CO2 ( Figure S13 ), indicating that the electrons were transferred to CO2. Similar spectral changes were observed for PorZn 1-and PorZn 2-. The PorZn absorption features in the UV-Vis spectra also recovered after addition of CO2 ( Figure S14 ). The extra S13 features present in the NMR and UV-Vis spectra imply that additional species are formed during the process. These species may not be present in the electrocatalysis case because the electrocatalysis is heterogeneous and happens in the presence of proton donors, and the redox transformation sequence takes place on a much shorter timescale. Upon reaction with CO2, PorZn reduced by two equivalents of NaNap shows a new IR absorption band at ~1580 cm -1 (Figure S15 ), which could be inherent to an incorporated CO2 molecule.
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PorZ n 2-+ CO 2 Al l exposed to air PorZ n PorZ n 1-PorZ n 2-PorZ n 1-+ CO 2
PorZ n 2-+ CO 2 Figure S12 . Photographs of PorZn solutions under anaerobic atmosphere (top) and after brief exposure to air (bottom). and (e) PorZn 2-after exposure to CO2 in THF-d8. @ indicates porphyrin aggregates due to poor solubility in THF; # shows the neutral porphyrin features; * indicates naphthalene peaks. Figure S14 . Absorption spectra of PorZn, its reduced species with and without CO2, as well as its reduced species after exposure to air in THF. Figure S15 . Stacked IR spectra of neutral PorZn (black), PorZn reduced with two equivalents of sodium naphthalenide (green), and reduced PorZn after reacting with CO2 (blue). Figure S16 . The linear regression of the current-scan rate plot as described in the method section to determine the electrochemical double-layer (EDL) capacitance. 
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